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Morphological and Cytological Relationships Between 
Stipa robusta and Stipa viridula (Gramineae: Stipeae)1 
MARGARITA A. MONDRUS2 
(Department of Botany and Plant Pathology, Iowa State University, Ames, Iowa 50013). 
Stipa robusta (Vasey) Scribn. andStipa viridula Trin. have previously been distinguished on the basis of overlapping quantitative characters, 
which often are inadequate for identification. Recent chromosome counts had not been made for either species. I have distinguished several 
effective diagnostic characters, including palea length, shape and pubescence, ratio of lemma length to width, ratio of palea length to lemma 
length, and panicle density. The most reliable character is pal ea length. 
INDEX DESCRIPTORS: Gramineae, Pooideae, Stipeae, Stipa, forages, range. 
Stipa viridula Trin. and S. robusta (Vasey) Scribn. are perennial 
caespitose grasses of the Plains and Rocky Mountain regions. Stipa 
viridula was first described by Trinius ( 1838) from the type specimen. 
Vasey ( 1892) distinguished S. viridula var. robusta on the basis of its 
generally larger size. Vasey ( 1887) noted that S. robusta has a toxic 
effect on livestock. This chemical property, not found in S. viridula, 
which is a palatable forage grass, has given S. robusta the common 
name of'' Sleepy Grass.'' Stipa robusta was raised to the species level 
by Lamson-Scribner ( 1897), who changed the name toStipa vaseyi the 
following year (Lamson-Scribner, 1898) because of the previous use 
of S. robusta Nutt. as a synonym of S. spartea Trin. (Trinius and 
Ruprecht, 1849). Hitchcock (1935) changed the name back to S. 
robusta (Vasey) Scribn. 
Hitchcock ( 1951) distinguished S. viridula and S. robust a on the 
basis of glume texture, plant height, and panicle density. He did not 
report any differences in palea or lemma characters. Distinctions 
based on morphological characters have not been sharply delineated 
by previous investigators. 
Small chromosomes are characteristic of the Stipeae (Stebbins, 
1956). A basic chromosome number of n=6 has been suggested for 
Stipa (Johnson, 1972). Johnson and Rogler (1943) determined the 
somatic chromosome number of S. viridula as 2n =82. A mitotic 
chromosome count of 2n=64 for S. robusta was previously deter-
mined by Love (Myers, 1947). I have confirmed both these previous 
counts. 
In this paper, I have clarified the interrelationships and delimitation 
of these two entities and have proposed a taxonomic treatment based 
on my observations. 
MATERIALS AND METHODS 
Herbarium specimens, mass collections, and immature inflores-
cences were collected throughout the Plains and Rocky Mountain 
states. Herbarium specimens from the following herbaria were 
examined: Ariz., ISC, MO, NY, US. Spikelets soaked .in a softening 
solution (Pohl, 1965) were measured with a Bausch and Lomb dissect-
ing microscope fitted with an ocular micrometer disc with 0.1-mm 
divisions. Shapes and ratios of floral parts are given according to the 
Systematics Association Committee for Descriptive Biological Ter-
minology (1962). Panicle density was determined by counting the 
number of spikelets visible through a l-cm2 frame. 
'The facilities of the Iowa State University Herbarium, supported by the Sci-
ences and Humanities Research Institute, were used in the preparation of this 
paper. Journal Paper No. J-9077 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa 50011; Project 1833. 
2Current address: Plant and Soil Science Dept., California State Polytechnic 
University, Pomona, California 91768. 
Mitotic chromosome counts were obtained by a technique modified 
from that described by Sun and Sadanaga ( 1968) for root tip counts of 
seedlings of Avena sativa. Root tips were prefixed in a saturated 
solution of paradichlorobenzene at 15°C for 3 hr and fixed in 3: 1 
absolute ethanol and glacial acetic acid at 37°C for 48 hr, hydrolyzed in 
IN HCI, and transferred to Schiffs Reagent for staining. Pectinase 
was used to dissolve the middle lamellae, and root tips were squashed in 
propio-carmine. Photographs of chromosomes were taken with a Nikon 
4 x 5 plate camera. 
OBSERVATIONS 
Paleas of Stipa viridula range in length from 1.0 to 2.5 mm long and 
are elliptical 2. 9: I, hyaline, and have acute glabrous apices. Paleas of 
Stipa robusta are firm, 3.5 to 5.0 mm long, oblong 5.3: I, with truncate, 
ciliate apices. 
Lemmas of S. viridula are mostly 4.5 to 6.5 mm long and I to 1.5 
mm wide at maturity. The ratio of lemma length to width is mostly 5: 1 
or less. Mature lemmas of S. robusta range from 6.0 to 8.0 mm in 
length and from 0.8 to 1.2 mm in width. The ratio of lemma length to 
width is mostly greater than 5: 1. Glumes of S. viridula usually are 
hyaline, whereas those of S. robusta are firm. 
Panicles of S. viridula are I 0 to 30 cm long, narrow, and somewhat 
compressed, with an average of 10 to 15 spikelets per cm2 . Panicles of 
S. robusta are similar in length, more compressed than those of S. 
viridula, and more densely-flowered, with an average of 15 to 25 
spikelets per cm2 . 
I determined a somatic chromosome number of 2n = 82 for S. vir-
Table 1. Variation in selected characters of S. viridula and S. robusta 
Character S. viridula S. robusta 
Panicle density (6) 10-15 (17) (8) 15-25 (28) 
in spikelets/cm2 Mean=8.39 Mean=l5.59 
Plant height (31) 40-115 (148) (42) 60-160 (178) 
in cm Mean=78.02 Mean=89.73 
Length of lemma (4.0) 4.5-6.5 (8.2) (5.5) 6.0-8.0 (8.8) 
in mm Mean=5.33 Mean=6.83 
Width of lemma (0.6) 1.0-1.5 (1.8) (0.6) 0.8-1.2 ( 1.5) 
in mm Mean= 1.05 Mean=l.01 
Lemma length to (2.8) 3.5-6.5 (10.0): 1 (4.4) 5.0-8.0 (12.0): l 
width ratio Mean=5.05: l Mean=6.90:1 
Length of palea (0.8) 1.0-2.5 (3.5) (3.0) 3.5-5.0 (6.0) 
in mm Mean= 1.99 Mean=4.39 
Ratio of palea (0.20) 0.22-0.38 (0.43) (0.55) 0.58-0.63 (0.68) 
length to lemma Mean=0.37 Mean=0.64 
length 
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Fig. I. Mitotic chromosomes of Stipa viridula; 2n =82; 2847 x 
idula. A photograph of the chromosomes is shown in Fig. I . The source 
of the somatic material was Mondrus 122 collected in Pueblo County, 
Colorado. 
I determined a somatic chromosome number of 2n = 64 for S. 
robusta. The chromosomes are shown in Fig. 2. The material was from 
Mondrus 173 collected in Lincoln County , New Mexico. Voucher 
specimens for both counts are deposited in the Iowa State University 
Herbarium. 
DISCUSSION 
Stipa viridula and Stipa robusta are caespitose perennials very simi-
lar in external morphology. Vegetative characters are inadequate for 
diagnostic purposes. Plant height has traditionally been used as a major 
distinguishing character. I found considerable overlap of the ranges of 
variation of plant height. From Table I it is evident that plant height is 
not a reliable diagnostic character. Other vegetative characters also are 
highly variable. 
Panic le density and spikelet characters are highly diagnostic. Table I 
gives the ranges, extremes, and mean values for these characters , 
which are shown pictorially in Fig. 3. The length of the palea probably 
is the single most diagnostic character. There is virtually no overlap of 
the ranges of variation, and only occasionally are specimens inter-
mediate between the high value for S. viridula and the low value for S. 
robusta. Although I have seen no keys that mention the palea of either 
• 
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Fig. 2. Mitotic chromosomes of Stipa robusta; 2n=64; 2847 X 
of these species, pal ea length has been found diagnostic for the Chilean 
species of Stipa (Matthei, 1965) and for the California species of Stipa 
(Dedecca, 1954). The shape of the floret also is diagnostic, as shown in 
Fig. 4. This character is expressed in this paper in terms of the ratio of 
length to width of the intact lemma. Although there is some overlap of 
the ranges of variation of lemma length and width and little difference 
between the means of either length or width alone, the difference 
becomes evident when shape of floret is expressed in terms of the ratio 
of length to width. The mean values are notably different. Various 
ratios of floral parts have been found diagnostic for certain species of 
Stipa and Oryzops is by Johnson ( 1945, 1962) , Dedecca ( 1954) , and 
Schechter and Johnson ( 1966). 
The texture of the glumes is another distinguishing character. The 
glumes of S. viridula are almost always hyaline. The glumes of S. 
robusta are firm. A few intermediate specimens were observed. 
Figure 3 shows data from herbarium specimens and my own coll ec-
tions , representing the entire geographic range of each species, plotted 
on a scatter diagram. There is an obvious clustering of specimens , 
because of the difference in palea length. Plant height shows a con-
tinuum, with S. viridula at the low end and S. robusta at the high end . 
Panicle density , glume texture , and lemma length-to-width ratio also 
are shown to be diagnostic. 
Because of the significant differences in chromosome number, 
spikelet morphology , and panicle density , it is recommended that the 
two taxa continue to be treated as separate species. Palea characters and 
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Fig. 3. Scatter diagram of 75 herbarium specimens of Stipa viridula and Stipa robusta. 
ratios of floral parts are effective key characters that have not been used 
·previously to distinguish these species. Use of these characters in keys 
would facilitate identification of Stipa viridula and Stipa robust a. 
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Fig. 4. Floret, lemma and palea of Stipa viridula (left); Floret, lemma and palea of Stipa robusta (right) 
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